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Abstract 
Introduction: Rapid maxillary expansion is a procedure used by orthodontists to treat 
maxillary deficiency in the transversal plane. This procedure can only be performed 
when the midpalatal suture is not fused. For this reason, orthodontists are often 
challenged with the decision whether the rapid maxillary expansion is the appropriate 
treatment or, alternatively, the option is the surgically assisted rapid palatal expansion 
(SARPE) or a micro-implant-assisted rapid palatal expander. Therefore, the maturation 
of the midpalatal suture should always be evaluated before orthodontic treatment. 
Objective: The aim of this research is the validation of the BOKA method, a recently 
proposed method to be published in the present year of 2019, for the evaluation of 
the midpalatal suture by means of computed tomography (CT) scans.  
Materials and Methods: The state of art was assessed by means of literature review 
on the Pubmed, Scielo and on the SCOPUS databases. Out of 275 articles found, 33 
were selected. The sample consisted of 76 individuals (32 males and 44 females with a 
mean age of 18,8 ± 11,6 years) who performed concomitant cone bean computed 
tomography (CBCT). Panoramic-type projections and axial sections from CBCT were 
collected and analyzed. The data collected and treated was anonymized. Statistical 
processing was made using SPSS® software. 
Results: Weighted Cohen Kappa Coefficient values were higher than 0.85, both in the 
evaluation of the inter and intra-observer error and for both scales. The Spearman 
Correlation Coefficient (R = 0.838) and the ICC (0.883) values show the existence of an 
association between the two scales. The results of the agreement study between the 
BOKA and Angelieri et. al scales recoded show the existence of a moderate agreement, 
with a weighted Cohen Kappa Coefficient of 0.533 (CI - 95%: 0.289-0.778). 
Conclusion: The results of this study demonstrate that the BOKA and Angelieri et al. 
scales have a strong correlation with each other, which leads to the conclusion that the 
BOKA scale seems to be effective in assessing the maturation of the midpalatal suture.  
However, since the agreement decreases once the scales are recoded based on the 
treatment decision, further studies are needed to validate this method concerning its 
efficacy and clinical applicability as a diagnostic method. 
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Resumo 
Introdução: A expansão rápida da maxila é um procedimento utilizado pelos 
ortodontistas para o tratamento da deficiência maxilar no plano transversal. Este 
procedimento só pode ser executado quando a sutura palatina não se encontra 
fusionada. Assim sendo, a maturação da sutura palatina deve sempre ser avaliada 
antes de se proceder ao tratamento ortodôntico. 
Objetivo: O objetivo desta dissertação de investigação será validar a utilização do 
método BOKA, um método proposto recentemente, a ser publicado no presente ano 
de 2019, para a avaliação da maturação da sutura palatina mediana através de 
tomografias computorizadas. 
Material e Métodos: A pesquisa bibliográfica foi baseada em publicações encontradas 
nas bases de dados da Pubmed, da Scielo e da SCOPUS. De um total de 275 artigos 
encontrados, foram selecionados 33 para esta dissertação de investigação. A amostra 
consistiu em 76 indivíduos (32 do sexo masculino e 44 do sexo feminino, com uma 
média de idade de 18,8 ±11,6 anos) que fizeram CBCT. Foram recolhidas e analisadas 
as projeções do tipo panorâmica e os cortes axiais provenientes de CBCT. Os dados 
recolhidos e tratados foram anonimizados. O tratamento estatístico dos dados foi 
realizado com recurso ao software SPSS®. 
Resultados: Os valores do coeficiente de Kappa de Cohen foram maiores que 0,85, 
tanto na avaliação do erro inter como do erro intra-observador para ambas as escalas. 
Os valores do Coeficiente de Correlação de Spearman (R = 0,838) e do ICC (0,883) 
mostram a existência de uma forte correlação entre as duas escalas. Os resultados do 
estudo de concordância entre as escalas BOKA e Angelieri et. al. recodificadas 
mostram a existência de uma concordância moderada, com um coeficiente de Kappa 
de Cohen de 0,533 (IC - 95%: 0,289-0,778). 
Conclusão: Os resultados deste estudo demonstram que as escalas de BOKA e 
Angelieri et al. têm uma forte correlação entre si, o que leva à conclusão de que a 
escala BOKA parece ser efetiva na avaliação da maturação da sutura palatina. No 
entanto, como a concordância diminui quando as escalas são recodificadas com base 
na decisão do tratamento, conclui-se que mais estudos são necessários para validar 
esse método no que diz respeito à sua eficácia e aplicabilidade como meio de 
diagnóstico na prática clinica. 
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I. Introduction 
Rapid maxillary expansion is a procedure used by orthodontists to treat maxillary deficiency 
in the transversal plane. The maxillary deficiency is often associated with posterior 
crossbites, dental crowding and functional and aesthetical problems, such as abnormal 
tongue posture and narrowing of the pharyngeal airway, resulting in oral breathing 
problems (1). This procedure can only be performed when the midpalatal suture is not fused 
or with light interdigitations as these can be an obstacle to the expansion of the maxillary 
bone (2).  
The ossification of this suture increases with age. For this reason, orthodontists are often 
challenged with the decision to choose whether the rapid maxillary expansion (RME) is the 
appropriate treatment or if, alternatively, the option is the combined surgical treatment (3). 
Recently, a new treatment has been proposed, called micro-implant-assisted 
rapid palatal expander (MARPE), in which the forces are applied into palatal micro-implants 
in order to prevent a surgical disjunction procedure(4, 5). Therefore, the maturation of the 
midpalatal suture should always be evaluated before orthodontic treatment.  
Although the suture ossification seems to increase during or after the pubertal growth spur, 
the chronological age itself doesn’t seem to be the best method to assess whether an 
individual has reached this development phase or not (6, 7). Based on a study by Melsen et. al 
(8), the morphology of the suture changes during the multiple stages of development. These 
alterations are observed in the biologic behavior and morphology. An increase in the density 
with aging and skeletal maturation can also be observed (9, 10). 
Several methods have been proposed over the years for the palatine suture evaluation, such 
as assessment through occlusal radiographs, which was originally proposed by Relevo and 
Fishman (11-15). However, they are not the best method for analyzing the midpalatal suture 
(MPS) morphology since the vomer and the other structures of the external nose usually 
overlay the radiographic image of the suture, which might cause incorrect interpretations of 
the actual morphological features (10, 16, 17).  Assessment through CBCT was studied by 
multiple authors and it is still a commonly used method in the present days to evaluate the 
midpalatal suture fusion and its morphology since it provides a three dimensional analysis 
without the superimposition of the adjacent structures (18-24). CBCT studies have also been 
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used to evaluate the maturation of the midpalatal suture through the evaluation of its bone 
density (25, 26).  
In addition, to aid in the weighting of the individual skeletal maturation index, we also 
evaluate the maturation of the cervical vertebrae (27) and the evaluation of the skeletal 
maturation index using hand and wrist radiographs (28). Recently, the assessment through 
ultrasound examinations (29), using computerized tomography and micro-CT scans were also 
proposed. (30). 
The aim of this research was to validate the BOKA method, a recently proposed method, to 
be published in the present year of 2019, through its comparison with a method of 
evaluation of the suture in CBCT proposed by Angelieri et al. in 2013. This method is 
considered a gold standard and is duly studied, described and validated in the literature as 
effective in determining the maturation of the midpalatal suture of the patient to be 
subjected to maxillary expansion (18, 31).  
The BOKA grading system (BGS) is a recently proposed qualitative method presented in 
scientific meetings with preliminary results and to be published in the present year of 2019, 
which grades the maturation of the midpalatal suture, by means of observation of the suture 
in panoramic X-rays and its posterior classification in four distinct stages, according to the 
degree of maturation. 
The classification method proposed by Angelieri et al. is also a qualitative method, which 
categorizes the maturation of the MPS in 5 stages by observing the suture in the central axis 
of the CBCT in the anterosuperior dimension, making a cut along the bone plate of the hard 
palate (18, 31).  
Therefore, this study proposes the analysis of the panoramic type projections and the axial 
sections from CBCT exams. A retrospective study was carried out at the Faculty of Dental 
Medicine, Porto University with clinical data gathered from an orthodontic private 
practice. By means of a comparative study of the extracted cuts, it was intended to verify the 
agreement of the results of the two methods, in order to validate the BOKA classification 
method.  
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II. Material and Methods 
Literature Review: 
 
The literature review that was carried out to assess the state of the art related to the subject 
of this work aimed to acquire up-to-date and relevant scientific information. The research 
was based on international publications found on the Pubmed, Scielo and Scopus databases 
and the following key words and combinations of the same were used: “Midpalatal Suture”; 
“Maxillary Expansion”; “Orthodontics”, “CBCT (Cone-Bean-Computed-Tomography)”; 
“Computed Tomography”; “Midpalatal Suture Maturation” (Table I).  
Table I: Search Strategy 
Inclusion Criteria Combinations of Key-Words 
Full text availability Midpalatal Suture AND CBCT 
Articles written in English, Portuguese, 
Spanish and French. 
Maxillary Expansion AND CBCT 
Studies made in humans Midpalatal Suture AND Computed 
Tomography 
Systematic Reviews, Meta-Analysis, Clinical 
Trials, Controlled and Randomized Clinical 
Trials and Journal Articles 
Maxillary Expansion AND Computed 
Tomography 
Articles published in the last 20 years* 
*With the exception of the articles published by Fishman et. 
al and by Melsen et. al, that were considered in the study 
even though they didn’t fit this criteria since they are 
considered gold standards, regarding the theme of this 
thesis
.(8, 11) 
Midpalatal Suture Maturation 
 
Inclusive and exclusive criteria were applied and, out of 275 articles found, 33 were selected 
for this research dissertation. 
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Type of study 
 
The present study is a retrospective, cross sectional epidemiological study with an 
observational and descriptive component. 
Sample 
 
The sample consisted of cone bean computed tomography data from 76 individuals who 
performed the CBCT as a complementary orthodontic diagnostic exam at a private dental 
practice. The sample was randomly selected from all consecutively orthodontic first 
appointments that met the criteria mentioned below. This is a retrospective study that was 
carried out at the Faculty of Dental Medicine, Porto University. The clinical examinations 
collection took place in a private practice and presupposes the due authorizations by the 
patients or their guardians. The treated and collected data was anonymized. 
From the sample collected, 152 CBCT sections were produced and analyzed in this 
investigation. (76 panoramic-type projections and 76 axial sections from CBCT). The mean 
age of the subjects incorporated in this study was 18,8 ± 11,6 years and there were included 
32 males and 44 females. 
Inclusion and exclusion criteria 
 
As inclusion criteria, the following ones were considered: 
 CBCT taken before the beginning of the RME, MARPE or SARPE treatment; 
 absence of any craniofacial syndromes, like congenital clefts of the palate or lip; 
 absence of previous orthodontic treatment or orthognathic surgery; 
 no age limit. 
As for the exclusion criteria, the CBCT’s that presented the following features were excluded: 
 patients who undertook RME, MARPE or SARPE before taking the CBCT; 
 low quality CBCT’s that didn’t allow a clear visualization of the midpalatal suture (for 
example: grainy or pixelated images); 
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 missing central incisors or central incisors with a trauma history; 
 palatal abnormalities (for example: tori); 
 supranumerary teeth (mesiodens); 
 mesially impacted maxillary canines. 
Radiographic material and method 
 
Radiographic Equipment: 
 
CBCT’s were acquired with radiographic equipment with the following technical 
characteristics: 
 Name: Planmeca ProMax ® 3D Mid 
 Sensor type: flat screen 
 Focal Spot: 0,5mm, fixed anode 
 Voxel size: 0,4mm 
 Image acquisition: 200/360 degree rotation 
 Type of exposure: pulsed 
 Volume size: 200x170 mm 
 Type of reconstruction: cylindrical 
The images were obtained with the individuals in maximum intercuspation, standing and 
with the head correctly positioned (Frankfurt plane parallel to the ground and the mid 
sagittal plane perpendicular to the ground). 
For the acquisition of the images, some parameters were adjusted: 
 Anode voltage: 60-90 kV, 60-120kV 
 Anode Current: 1-14 mA 
 Exposure time: 9-33 s 
After the CBCT acquisition, the information was reconstructed automatically in three-
dimensional images in Digital Imaging and Communications in Medicine (DICOM) format so 
that it could be visualized, oriented and analyzed in Planmeca Romexis software (Planmeca 
Oy, Helsinky, Finland). 
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The following steps were executed in order to determine and analyze the maturational 
stages of the midpalatal suture (18): 
Axial Cuts: 
 
 In order to obtain the axial cut, the cursor was placed at the midsagittal plane in both 
axial (from the galli crest to the labial sulcus) and coronal (place patient until the 2 
infraorbital points are in the same plane) views. As for the sagittal view, the patient’s 
head was oriented until the anteroposterior long axis of the palate was parallel to a 
line going through the anterior and posterior nasal spines (Figure 1). 
 In the case of patients who present a very curved palate, the maturation of the 
suture was analyzed in 2 distinct cuts, one of the anterior region of the palate and 
another of the posterior region.  
 In the case of patients who present a very thick palate, it was evaluated in the 2 most 
central axial cuts, and the cut in which the suture shows greater maturation was 
considered for the study. 
 Once the anteroposterior long axis of the palate was positioned horizontally and 
parallel to the line going through the anterior nasal spine (ANS) to the posterior nasal 
spine (PNS) points, the axial cuts were saved and used for the classification of the 
maturation stage of the midpalatal suture according to the 5 stages proposed by 
Angelieri et al (18,31) . 
 
Figure 1: Head orientation in order to obtain the axial cut. A- Coronal View. B – Sagittal view. C - Axial View 
A B 
C 
 9 
 
Table II: Midpalatal suture classification according to the Angelieri et. al method 
STAGE A: midpalatal suture presents a 
straight line of high density (radiopaque-
white), slightly sinuous and with little or 
no interdigitations. 
 
 
STAGE B: the midpalatal suture assumes 
an uneven appearance, presented as a 
sinuous line of high density. Usually, 
there are already some small areas where 
you can see 2 parallel high density lines 
separated by small, low density spaces. 
 
STAGE C: it is possible to visualize two 
sinuous lines of high density parallel and 
close, separated by small spaces of low 
density in the maxillary and palatine 
bones. The suture may have a straight or 
irregular pattern. 
 
STAGE D: fusion of the palatine suture 
can already be verified in the palatine 
bone (with progressive maturation from 
posterior to anterior), so it cannot be 
visualized in this same location. In the 
maxillary portion, the suture continues to 
present itself as 2 parallel lines of high 
density separated by small spaces of low 
density. 
 
STAGE E: the fusion of the palatine suture 
occurs in both the palatine bone and at 
least a portion of the maxilla. The bone 
density of the suture is the same as that 
of the adjacent bone, so it is no longer 
visible. 
 
 
  
 10 
 
Panoramic Type Projections: 
 
 In order to get the panoramic type projections, the cursor of the image analysis 
software was positioned on the right side to set a new panoramic cut. Then, the 
central points of the maxillary teeth were marked, starting at the 2nd right molar and 
going all the way to the 2nd left molar, in which the latter was double clicked on the 
cursor (Figure 2).  
 After obtaining all the panoramic type projections, they were cropped to only show 
the region of interest (including the area between the upper central incisors and 
located between the upper portion of the anterior nasal spine and the lower edge of 
the maxillary central incisors) and to avoid bias in the research.  Then, the images 
were classified according to the BOKA method: 
 
Figure 2: Panoramic curve design in order to obtain the panoramic type projection 
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Table III: Midpalatal suture classification according to the BOKA method 
STAGE 1: the midpalatal suture travels a 
straight path with parallel lines of high 
density (radiopaque-white) and little or 
no interdigitations. It appears as a 
complete radiolucent (dark) line running 
from the floor of the nasal cavity to the 
alveolar crest between the maxillary 
central incisors. 
 
 
 
 
 
STAGE 2: the midpalatal suture presents 
interdigitations (whitish opaque area) in 
less than half the distance from the nasal 
cavity to the alveolar crest between the 
maxillary central incisors. In the area 
without interdigitations, we can visualize 
the open suture, but it is not as 
radiolucent as in stage 1. 
 
STAGE 3: the midpalatal suture presents 
interdigitations in more than half the 
distance from the nasal cavity to the 
alveolar crest between the maxillary 
central incisors. However, the suture 
does not appear "fully" attached as in 
stage 4. 
 
STAGE 4: the midpalatal suture is 
completely united, with bone 
interdigitations throughout the distance 
between the nasal cavity and the alveolar 
crest between the maxillary central 
incisors. 
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Data collection and analysis protocol 
 
Before importing this information to an external disc, protected by a password, a patient 
record with a coded identification (ex ID01) was created in order to guarantee anonymity. 
Then, the CBCT scans of the patients who met the inclusion criteria were analyzed in the 
computers of the Orthodontic Department of the Dental Medicine Faculty, Porto University. 
No changes were made in the contrast, brightness or size of the radiographs.  
The examination of the CBCT scans was made by two examiners (the author and another 
student, both of the last year of the Dental Medicine Integrated Master of the Dental 
Medicine Faculty, Porto University). Both examiners had never used the BOKA or the 
Angelieri et al. method previously. Therefore, they were trained using the teaching material 
from Angelieri et al. and from the BOKA grading system in order to be able to execute such 
evaluation. A calibration exercise to ensure that the observers had understood the method 
was also performed. 
After the training period, the panoramic type projections and the axial sections from the 
CBCT scans of the 76 patients were classified by the two observers. A second evaluation was 
made after two weeks in 30 randomly chosen scans in order to evaluate the intra-examiner 
error. 
These classification values were duly archived in an Excel 16,0® (Microsoft Office, New 
Mexico, U.S.A) document for further statistical analysis. Later, they were introduced in the 
SPSS Version 24 for Windows® (IBM corp. New York, U.S.A), where the respective statistical 
analysis was carried out. Excel® and SPSS® documents were saved in an external disc, 
encrypted and protected by a password. 
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Ethical considerations 
 
In this study, the data collected was not accompanied by any identifying information of the 
patient to which they belong, thus safeguarding individual anonymity. The data was used 
exclusively in the present study.  
The accomplishment of this research project does not add to the participant any type of risk 
or discomfort neither jeopardizes the well-being of the patients, since it is a cross-sectional 
descriptive and observational epidemiological study with the use of retrospective data and 
complementary diagnostic tests already performed and forming an integral part of the 
clinical processes. For this reason, the exams were not accompanied by informed consent. 
This research does not have any financial or economic purposes, having merely academic 
goals.  
Taking these facts into account, the Responsible for Access to Information of FMDUP, the 
Data Protection Unit of U.PORTO and the Ethics Committee's approvals were requested, and 
a positive answer was obtained (Annexes 1,2 and 3). 
The author has no conflicts of interest to declare. 
Statistical Methodology 
 
Sample size calculation 
 
The sample size estimation was done by specifying a test power of 80% (1 - β = 0.80, β being 
the Type II error) and a significance level of 5% (α = 0.05, α being the Type error I), following 
the indications of Bujang & Baharum (32). Under these conditions, taking into account the 
ordinal scales under study, a minimum sample of 74 patients was required to detect a 
weighted Cohen Kappa Coefficient of 0.60, corresponding to a good agreement, assuming 
that the frequencies of each category of answers are not equal. For the evaluation of the 
intra-rater error, a randomized sub-sample of 30 patients from the total of participants in 
the study was selected. 
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Statistical Analysis: 
 
Considering that the main objective of the study is the analysis of agreement between two 
ordinal categorical scales (BOKA and Angelieri et. al grading systems), the Spearman 
Correlation Coefficient (R) values were presented and the Intraclass Correlation Coefficient 
(ICC) was used. Considering that this coefficient varies from 0 to 1, the higher the value, the 
greater the agreement between the pairs of variables. 
The inter and intra-observer errors were calculated before the analysis of the agreement 
between scales was performed, and since the Weighted Cohen Kappa Coefficient values and 
the percentages of agreement between the pairs were higher than 85% in all cases, proving 
that both scales are reproducible and applicable,  the rest of the investigation was carried 
out. 
The cut-off points proposed by Cicchetti were used to classify the agreement between the 
evaluations:  unacceptable (<0.70), reasonable (0.70 - 0.79), good (0.80 - 0.89) and excellent 
(≥ 0.90) (33). 
Since the purpose of studying a new method of evaluation of the midpalatal suture 
maturation is its application as a diagnostic method in the choice of appropriate treatment 
and since the 2 scales studied do not have the same number of categories, both scales have 
been recoded, according to the treatment decision and the respective data available in 
literature, in order to have the same number of categories (31): 
Method of Angelieri et. al:  
 A - stages A and B: It is appropriate to proceed with conventional RME approach 
 B - stage C: It is possible to do the expansion with conventional RME, but the success 
of the treatment is more doubtful and the skeletal effects may be lower 
 C - stages D and E: Surgical assisted expansion is advised 
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BOKA method: 
 A - stage 1: It is appropriate to proceed with conventional RME approach 
 B - stage 2 and 3: It is possible to do the expansion with conventional RME, but the 
success of the treatment is more doubtful and the skeletal effects may be lower 
 C - stage 4: Surgical assisted expansion is advised 
The Weighted Cohen's Kappa Coefficient was used to evaluate the measurement error (inter 
and intra-examiner) and the correlation between the BOKA and Angelieri et al. scales once 
they were recoded into scales with the same number of categories. This coefficient assumes 
the maximum value of 1 in the case of perfect agreement between two measurements. The 
coefficient value is influenced by the magnitude of the discrepancy between the two 
evaluations, being that the larger the difference between the two evaluations, the greater 
the penalty on the coefficient value (34). 
For the classification of the agreement between the pairs of measurements, the cut-off 
points proposed by Altman were considered: weak (<0, 20), reasonable (0,21 - 0,40) 
moderate (0.41 - 0.60), good (0.61 - 0.80) and very good (> 0.80) (35). 
In addition, the percentages of agreement between the pairs of evaluations are also cited. 
For the calculation of the weighted Cohen Kappa Coefficient, the package psych, version of 
2017, (Revelle, Illinois, U.S.A) available in program R - version 3.3.2 of 2017 (R Core Team, 
Vienna, Austria) was used(36). 
A significance level of 5% was considered, which means that the associations were 
considered statistically significant when the significance level was less than 0.05 (p <0.05). 
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III. Results 
Sample Characterization: 
 
Sample characterization regarding gender and age 
 
The sample consisted of 76 individuals aged between 7 and 58 years, mostly aged between 
10 and 20 years (54.0%), with an average age of 18.8 ± 11,6 years. The majority are female 
(57.9%) (Table IV and Figure 3). 
Table IV: Sample characterization regarding gender and age (N = 76) 
 Categories N % 
Gender Female 44 57.9% 
 Male 32 42.1% 
Age (years) < 10 years 13 17.1% 
Minimum = 7 10 – 15 years 29 38.2% 
Maximum = 58 16 – 20 years 12 15.8% 
Medium = 18.8 20 – 30 years 10 13.2% 
Standard-Deviation = 11.6 > 30 years 12 15.8% 
 
 
Figure 3: Sample characterization regarding gender and age (N = 76) 
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Sample Characterization regarding the classification of the BOKA and Angelieri et. al scales 
 
Considering the evaluation obtained by the BOKA method, the majority of the patients are in 
stages 3 and 4 (69.7%). About 1 in 5 (21.2%) are in stage 2 and 9.2% in stage 1.  
According to the Angelieri et. al method, the majority are in stage C or higher (69.7%), while 
1 in 4 (25.0%) is in stage B and 5.3% in stage A. 
 
Table V: Sample characterization regarding the classifications of the BOKA and Angelieri et. al scales (N = 76) 
 Categories n % 
BOKA Stage 1 7 9.2% 
 Stage 2 16 21.1% 
 Stage 3 33 43.4% 
 Stage 4 20 26.3% 
Angelieri et. al Stage A 4 5.3% 
 Stage B 19 25.0% 
 Stage C 14 18.4% 
 Stage D 22 28.9% 
 Stage E 17 22.4% 
 
    
Figure 4: Sample characterization regarding the classifications of the BOKA and Angelieri et. al scales (N = 76) 
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Observational Error 
 
To access observational error, the evaluations of the CBCT’s were done by 2 observers, to 
allow the analysis of the inter-observer error and to avoid the observation bias. In addition, 
both observers repeated the evaluations of 30 participants after 2 weeks (39.5% of the 
sample, randomly selected), in order to allow the intra-observer error analysis. The results 
are presented in Tables VI to XI. 
BOKA method: 
 
Weighted Cohen Kappa Coefficient values on the BOKA scale were higher than 0.90, both in 
the assessment of the inter and intra-observer error (both observers). The percentages of 
agreement between the pairs were also above 90% in all cases. (Tables VI to VIII). 
Table VI: Data from the study of the inter-observer error of the BOKA scale (N = 76) 
  Observer 2 Total 
Stage 1 Stage 2 Stage 3 Stage 4 
O
b
se
rv
er
 1
 
Stage 1 6 0 1 0 7 
Stage 2 0 15 1 0 16 
Stage 3 0 2 30 1 33 
Stage 4 0 0 1 19 20 
 Total 6 17 33 20 76 
Kappa value = 0.927; % of agreement: 92.1% (70/76) 
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Table VII: Data from the study of the intra-observer error of the BOKA scale – observer 1 (N = 30) 
  2nd Analysis Total 
Stage 1 Stage 2 Stage 3 Stage 4 
1
st
 A
n
al
ys
is
 
Stage 1 2 0 0 0 2 
Stage 2 0 6 1 0 7 
Stage 3 0 0 12 0 12 
Stage 4 0 0 0 9 9 
 Total 2 6 13 9 30 
Kappa value = 0.979; % of agreement: 96.7% (29/30) 
 
Table VIII: Data from the study of the intra-observer error of the BOKA scale – observer 2 (N = 30) 
  2nd Analysis Total 
Stage 1 Stage 2 Stage 3 Stage 4 
1
st
 A
n
al
ys
is
 
Stage 1 2 0 0 0 2 
Stage 2 0 6 0 0 6 
Stage 3 0 0 13 1 14 
Stage 4 0 0 0 8 8 
 Total 2 6 13 9 30 
Kappa value = 0.978; % of agreement: 96.7% (29/30) 
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Angelieri el. al method: 
 
Regarding the Angelieri et. al scale (Tables IX to XI), the weighted Cohen Kappa Coefficient is 
bigger than 0,90 and the percentages of agreement in the inter and intra-observer 
evaluations are also higher than 85%. 
Table IX: Data from the study of the inter-observer error of the Angelieri et. al scale (N = 76) 
  Observer 2 Total 
Stage A Stage B Stage C Stage D Stage E 
O
b
se
rv
er
 1
 
Stage A 3 0 0 1 0 4 
Stage B 0 17 1 1 0 19 
Stage C 0 0 12 1 1 14 
Stage D 0 0 1 20 1 22 
Stage E 0 0 0 2 15 17 
 Total 3 17 14 25 17 76 
Kappa value = 0.895; % of agreement: 88.2% (67/76) 
 
Table X: Data from the study of the intra-observer error of the Angelieri et. al scale – observer 1 (N = 30) 
  2nd Analysis Total 
Stage A Stage B Stage C Stage D Stage E 
1
st
 A
n
al
ys
is
 
Stage A 0 0 0 0 0 0 
Stage B 0 6 0 0 0 6 
Stage C 0 0 6 1 0 7 
Stage D 0 0 2 6 1 9 
Stage E 0 0 0 0 8 8 
 Total 0 6 8 7 9 30 
Kappa value = 0.944; % of agreement: 86.7% (26/30) 
 
 
 22 
 
Table XI: Data from the study of the intra-observer error of the Angelieri et. al scale – observer 2 (N = 30) 
  2nd Analysis Total 
Stage A Stage B Stage C Stage D Stage E 
1
st
 A
n
al
ys
is
 
Stage A 0 0 0 0 0 0 
Stage B 0 4 1 0 0 5 
Stage C 0 0 7 0 0 7 
Stage D 0 1 0 8 1 10 
Stage E 0 0 0 0 8 8 
 Total 0 5 8 8 9 30 
Kappa value = 0.909; % of agreement: 90.0% (27/30) 
 
Correlation between BOKA and Angelieri et. al methods 
 
The results of the correlation study between the BOKA and Angelieri et. al scales are 
presented in Table XII and in Figure 5. The Spearman Correlation Coefficient (R = 0.838) and 
the ICC (0.883) values show the existence of an association (correlation) between the two 
scales. This association is graphically visible in Figure 4. 
Since the two scales have a different number of categories, it was not possible to display the 
percentages of agreement. 
Table XII: Correlation between BOKA and Angelieri et. al methods (N = 76) 
  ANGELIERI ET. AL Total 
Stage A Stage B Stage C Stage D Stage E 
B
O
K
A
 
Stage 1 4 1 2 0 0 7 
Stage 2 0 13 3 0 0 16 
Stage 3 0 5 9 17 2 33 
Stage 4 0 0 0 5 15 20 
 Total 4 19 14 22 17 76 
ICC = 0.883; Correlation Coefficient: 0.838 (p < 0.001) 
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Figure 5: Scatter diagram of the evaluations of the BOKA and Angelieri et. al methods - the diameter of the circles is 
proportional to the number of cases - the values are indicated inside the circles (N = 76) 
 
Agreement between the BOKA and Angelieri et. al scales recoded  
 
The results of the agreement study between the BOKA and Angelieri et. al scales recoded 
based on the treatment decision (Table XIII) show the existence of a moderate agreement, 
with a weighted Cohen Kappa Coefficient of 0.533 (CI - 95%: 0.289-0.778) and a percentage 
of agreement between classifications of 48.7%.  
Compared with the Angelieri et. al method, the BOKA method led to a lower percentage of 
patients in category A (It is appropriate to proceed with conventional RME approach: 9.2% 
vs. 30.3%) and category C (Surgical assisted expansion is advised: 26.3% vs. 51.3% ). On the 
opposite, the BOKA Method classified more patients into category B (It is possible to do the 
expansion with conventional RME, but the success of the treatment is more doubtful and 
the skeletal effects may be lower: 64.5% vs. 18.4%). 
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Table XIII: Correlation between the BOKA and Angelieri et. al scales recoded (N = 76) 
  ANGELIERI ET. AL Total 
A (Stages A and B) B (Stage C) C (Stages D and E) 
B
O
K
A
 
A (Stage 1) 5 2 0 7 
(9.2%) 
B (Stages 2 and 
3) 
18 12 19 49 
(64.5%) 
C (Stage 4) 0 0 20 20 
(26.3%) 
 Total 23 (30.3%) 14 (18.4%) 39 (51.3%) 76 
Kappa Coefficient = 0.533 (CI - 95%: 0.289-0.778); Percentage of agreement between 
classifications: 48.7% (37/76) 
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IV. Discussion 
 
The practical usefulness of a diagnostic procedure depends not only on the ease of 
execution, but also, and above all, on the potential clinical benefit. 
The present dissertation aimed, as previously mentioned, on the validation of a recently 
proposed method of diagnosis of the maturation of the midpalatal suture (BOKA grading 
system) through the use of 3D generated panoramic x-rays. 
Elicitation of the State of Art 
 
The decision on whether a patient is a suitable candidate for RME without assisted surgery is 
a clinical question that comes across in a lot of adolescents or young adult patients (18). 
Since it has been established that the chronological age is unreliable in ascertaining the 
development status of the MPS during growth, several methods of individual assessment of 
this suture have been proposed over the years (27, 28).  
It has also been proved by histological and microcomputed tomography studies that the 
presence or absence of fusion / ossification is not the most determining factor in the success 
or failure of the expansion, while the percentage of fusion in each patient is more decisive 
(18). However, these studies have not been able to explain the reason why some adult 
sutures with small fusion indexes are so difficult to open with conventional techniques. 
Therefore, factors such as age-related increased rigidity of the maxillary bone and marked 
interdigitations of the midpalatal and other maxillary structures have been described as the 
likely causes of the resistance to RME conventional approaches (7, 30). 
Understanding individual variability in the development status of the midpalatal suture 
during growth, such as MPS morphology (MPSM), MPS density (MPSD) and obliteration 
index (OI), are now considered essential before deciding on the appropriate treatment (2, 7, 
25). 
Through the revision performed, it is possible to conclude that an accurate diagnostic 
method is a key element in RME's success. However, it cannot be forgotten that the rigidity 
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of the maxillary bones sinostosis of the other sutures of the face, such as the frontonasal 
suture, zygomaticmaxillary suture and zygomatictemporal suture can make orthodontic 
treatment harder(14, 16). 
Considering the information mentioned above, this dissertation was based on the study of 
two diagnostic methods that evaluate the maturation of the MPS through the assessment of 
its morphology, being that one of them is based on the examination of axial cuts obtained by 
CBCT and the other in the analysis of panoramic x-rays. 
Sample and methodology 
 
The sample consisted on 76 randomly selected individuals. For this reason, and since the 
distribution of the sample in terms of age and gender is not uniform, there is an added 
difficulty when it is intended to correlate the association of the sample with sex and age, not 
allowing to conclude if there is a statistically significant relationship between them and the 
maturation of the suture. 
Nonetheless, since the purpose of this research study was only to validate the BOKA grading 
system through its correlation with the Angelieri et. al method, the fact that the sample is 
random does not influence the results (18, 31). 
With regard to the methodology, it is important to note that the fact that the two examiners 
have never used this method before could be a disadvantage, but an intensive training was 
made to ensure that it would not happen.  The CBCT’s were cropped to only show the region 
of interest and to avoid bias in the research. Moreover, it is important to highlight that 
radiographic diagnosis are always subjective and dependent on the quality of the images and 
on the clinical experience and knowledge of the professionals, which may lead to 
inaccuracies in the analysis of results and on the research itself.  
However, according to the results, the methods that were studied in this research are both 
reliable, since the Cohen Kappa Coefficient and percentage of agreement were higher than 
85%, both in the inter and intra-observer error analysis and for both of the investigated 
methods (34).  
 28 
 
These results led to the conclusion that there is a great agreement between the 
measurements, meaning that there is no observational error concerning the BOKA and the 
Angelieri et. al scales, showing  that both methods are reproducible and applicable in clinical 
practice, and in case of the assessment of the MPS via CBCT proposed by Angelieri et. al, 
they are in agreement with the literature(18, 31). 
According to Angelieri et. al, who proposed a CBCT classification method based on the MPS 
morphology, when the suture ossification is in A or B stages, conventional RME approach 
should be effective and have more skeletal effects, since the MPS has lower resistance 
forces. Concerning stage C, the studies show that the timing for conventional RME is critical, 
since a lot of areas of initial ossification can be observed throughout the suture and the 
fusion of the palatine portion of the MPS is about to happen. As for stages D and E, SARME 
should be the treatment of choice due to the fact that the fusion of the suture has already 
occurred completely or partially (18) (31). 
According to the available literature, conventional RME is considered the treatment of 
choice and presents a high success rate in individuals who present the suture in stages A, B 
or C. For individuals aged 15 or older, traditional RME may be considered as the treatment of 
choice if the suture is in stage C. However, further clinical trials are required to confirm the 
good prognosis of treatment in these situations (23, 37). 
In a study by Haghanifar et al. (19), the results showed that the ossification of the midpalatal 
suture increased with age. On the other hand, a few cases of completely open sutures were 
also observed in patients older than 20. Therefore, these results are compatible with the 
hypothesis that the MPS might be the only one that may not be fully closed even in adults 
(10).  
Additionally, some studies have ascribed the possibility of an open suture in elderly patients 
to a decline in the functional strength of the facial muscles (usually caused by tooth loss or 
the use of a softer diet), which leads to a decrease in both mechanical and masticatory 
forces exerted on the maxillary bone and seems to affect the ossification process and the 
morphology of the MPS (10). 
Over the years, articles were published to determine if there was a significant relationship 
between the classification proposed by Angelieri et al. and other developmental age indices.  
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Jang et. al (21) concluded that the hand and wrist method (HWM) and cervical vertebrae 
method (CVM) indices had a strong correlation with the MPS morphology classification 
method.  
Although the five stages method of classification via CBCT proposed by Angelieri et. al has 
been considered as reliable by several studies and used by many professionals in the last 
years, a few recent studies defend that the determination of the midpalatal suture density 
ratio via CBCT is also a valid alternative as a diagnostic method and may even be a more 
effective predictor of the amount of skeletal response to the RME procedure and to follow 
up the retention period after the treatment (20, 25, 26). 
Even though the classification of MPS morphology proposed by Angelieri et. al permits a 
viable analysis of MPS maturation, it is impossible to obtain routine CBCT exams for all 
patients in clinical practice. In addition, there are ethical concerns regarding CBCT, due to 
the high exposure to radiation, particularly in those patients without the need of such a 
specific diagnosis. For this reason, other diagnostic methods have been proposed, such as 
those that include Panoramic X-rays (21). 
This is why, in this study, 76 panoramic type projections obtained by CBCT images were 
analyzed in order to find out if the BOKA method, a recently proposed method of evaluation 
of the midpalatal suture morphology through panoramic radiographies, allows for an 
effective assessment of the MPS. 
However, since the BOKA method is a recently proposed method, there is still no published 
data supporting it. 
The most relatable studies we can find are the ones that assess the MPS maturation through 
occlusal radiographs. This is also a two-dimensional analysis method, but it is based on an 
axial view of the suture rather than a panoramic view such as the one proposed by BOKA. 
Multiple studies have been conducted to determine whether occlusal radiographs are an 
accurate diagnostic method for MPS maturation (11, 12, 14). It has been demonstrated that the 
vomer and other structures from the external nose may overlap the MPS leading to false 
radiographic interpretations of the midpalatal suture maturation, which might also happen if 
the suture doesn’t run parallel to the X-ray path in its main course (10, 12, 16, 17) .  
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The existing literature seems to show that occlusal radiographs might be more useful during 
the treatment and retention period to verify if the suture is open and to aid in the decision 
whether the palatal expander device can be removed or not(13, 15). 
BOKA/Angelieri scales correlation 
 
In fact, the results of this study (Spearman Correlation Coefficient (R = 0.838) and the ICC 
(0.883)) demonstrate the existence of an association (correlation) between the two scales, 
disclosing that this method might be a viable alternative to CBCT when it comes to the 
evaluation of the MPS maturation.  
These results allow us to conclude that, in addition to the reproducibility of the methods, 
our study also has a high reliability and validity, since the correlation values between the two 
scales evaluated was very good (>0,80), demonstrating that the BGS can be used to access 
the maturation of the midpalatal suture. 
Recoded BOKA/Angelieri scales agreement 
 
Considering that the main objective of studying a new method of assessment of the 
midpalatal suture maturation is its application in the clinical practice as a diagnostic method, 
to support the decision of the appropriate treatment, and since the 2 methods studied do 
not have the same number of categories, both of them have been recoded, according to the 
data available in literature and based on the treatment decision, in order to have the same 
number of categories and allowing its clinical use and application (31). 
However, unlike in the case of the non-recoded scales, it was observed that, once the scales 
are recoded into grades with the same number of categories based on the treatment choice, 
the weighted Cohen Kappa Coefficient decreases to a value of 0.533(34). This decrease in 
agreement may be due to a difficulty in recoding the BOKA scale owing to the lack of 
scientific literature supporting this method, demonstrating that more clinical studies are 
needed with regard to the BOKA scale in order to enable a greater precision in its 
interpretation and in the correct choice of treatment based on it. 
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In addition, by converting a scale with more variables into one with fewer stages, 
information deficit might occur due to the loss of discriminative capacity at the intermediate 
stages, causing distortion of the scale (38). 
Furthermore, the discriminating capacity of the scales should also be considered, and the 
fact that the Angelieri et. al scale has more variables, turns it into a more discriminatory 
scale, which means that it allows for a more precise classification and a better distribution by 
the recoded groups, when compared to the BGS. This aspect may also be related to the 
decrease of correlation when analyzing the recoded scales (38).  
Study limitations and final considerations 
 
Although the results obtained allow for the conclusion that there is a relation between the 2 
scales, it is important to mention that an examination through panoramic x-rays should 
always be made with great care, since the images obtained are a two-dimensional image of a 
three-dimensional structure. Therefore, it is only possible to visualize a small portion of the 
whole anteroposterior length of the MPS and some structures might overlap the image of 
the suture. 
Another question that should be considered in this study is that the image obtained in a 
panoramic type projection through the CBCT may not fully resemble the one obtained in a 
panoramic x-ray. Recent studies have showed that CBCT images add substantial information 
when compared to panoramic x-rays and that these variations among the radiographic 
images were more likely to be detected in the maxillary teeth (39). However, further studies 
focused on the evaluation of the bone structures are required. 
Moreover, the morphology of the MPS in the radiographic image may present a few 
differences in relation to the actual structure of the midpalatal suture. For this reason, some 
studies suggest that a histological or micro-tomography evaluation might be necessary to 
evaluate the maturation of the MPS with greater precision (18). 
Nevertheless, and despite the fact that the results indicate that there is a correlation 
between the 2 scales, further studies are necessary to confirm the results of the present 
study. Clinical studies using the BOKA grading system to determine whether the patients 
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who need maxillary expansion should be treated with conventional RME approach or with 
MARPE or SARME must be performed, in order to validate its clinical efficacy and 
applicability.  
Future studies in which the BOKA grading system is used to assess the changes in the 
midpalatal suture following RME (during the retention period), or to decide if the palatal 
expander can be removed, might also be required to validate the applicability of this 
method. 
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V. Conclusion 
 
Taking into account the study limitations, the results of this study indicate that: 
 The intra and inter-observer agreement were very good both for the BOKA and 
Angelieri et. al methods, which means that both scales are reproducible. 
 The BOKA and Angelieri et. al scales, when not recoded, have a strong correlation 
with each other, which leads to the conclusion that the BOKA scale seems to be 
effective in assessing the maturation of the midpalatal suture.  
 When the scales are recoded, on the other hand, the degree of correlation between 
them decreases, showing that future clinical studies are required in order to prove if 
the BGS is a valid and reliable method of diagnostic to be used in the clinical practice 
for the evaluation of the MPS maturation and to support the decision of the 
appropriate treatment when the need for maxillary expansion is present. 
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